Introduction
As I possess no special knowledge of cardiac murmurs at this stage of infancy and since investigations by others are few and are difficult to perform, I shall briefly review the possible mechanism of such murmurs.
Most murmurs are related to increased velocity of flow and fall into three main groups:
(1) High rates of flow through normal or abnormal valves.
(2) Forward flow through a constricted or irregular valve or into a dilated vessel.
(3) Backward flow through a regurgitant valve; septal defect or patent ductus arteriosus.
Large pressure differences and small orifices produce the highest blood velocity and loudest murmur (e.g. small ventricular septal defect or severe pulmonary stenosis), while small pressure differences across big defects may produce large flows without a murmur (e.g. atrial septal defect). Small flows across big defects are even less likely to cause a murmur. This explains why forward flow or right-to-left shunt through a patent ductus arteriosus, or a ventricular septal defect, is silent, for, to be compatible with life, the shunt is necessarily small and the defect in these cases seems always to be large. At birth with' the onset of breathing the resistance to the flow of blood through the pulmonary circulation falls tremendously but is still high and about the same as the systemic resistance. Thus the pressures in the aorta and pulmonary artery, and in the left and right ventricles are about the same, and any flow through a defect connecting them will be small. Dawes has shown in lambs , in man, that a small left-to-right shunt from aorta to pulmonary artery takes place during the first few hours or days of life, though the difference in pressure is so slight that the shunt can be reversed by crying (Eldridge et al., 1954) . At this stage no murmurs can be heard because the shunt is small and the defect large and, similarly, no murmur would be expected from a ventricular septal defect of any appreciable size. When the ductus is closing, producing increased velocity of blood flow, brief murmurs have been heard and JANUARY recorded by and by Burnard (1958) .
With large ducts and ventricular septal defects the pulmonary resistance appears to remain very high, at systemic levels, from birth (Wood, 1958a) , and prevents fatal flooding of the lungs; no appreciable shunt murmur will ever appear in these cases. With small or moderate sized defects, the pulmonary resistance, and therefore pressure, can fall without being fatal, and the increased velocity of the left-to-right shunt produces the characteristic murmur.
The pressures in the left and right atria may not share in this changing relationship, for the left-to-right shunt from the ductus has increased the return of blood selectively to the left atrium and the higher pressure in this chamber closes the valve of the foramen ovale if the interatrial septum is intact. If there is a defect in the interatrial septum, the higher pressure in the left atrium should cause a left-to-right shunt and the usual signs of atrial septal defect. These signs are difficult to detect and may be transient, for the pressure gradient between left and right atria probably ceases when the duct closes, since the walls of the left and right ventricle are equally' thick and offer an equal resistance to ventricular filling (Edwards, 1957; Wood, 1958b) .
Thus shunts may be only potential, and difficult to diagnose, in neonatal life. Congenital valvular disease, however, is expected to produce the adult type of murmur.
Phonocardiography is the graphic registration of heart sounds and murmurs and should prove of great value in the elucidation of these problems in the neonatal period. Recordings should be made at high paper speeds so that tachycardia will not cause overcrowding of sounds and murmurs. In the first place, filters should be used to cut low frequencies so that the graph resembles the findings of auscultation. Not only will the clinical correlation be valuable, but these records will probably give the 'best relation to the heemodynamics, as they have in adults. A clinical classification of systolic murmurs based on phonocardiography has been suggested (Leatham, 1958): (1) Midsystolic ejection murmurs caused by the forward flow of blood through the aortic or pulmonary valves.
(2) Pansystolic regurgitant murmurs due to back-flow of blood from ventricles to atria through incompetent valves or to left-to-right shunts through a ventricular septal defect or patent ductus arteriosus when the right-sided pressures are low.
Ejection murmurs fall off in intensity with diminishing flow towards the end of systole and cease before valve closure (Fig. 1) . With "regurgitation" from the high pressure left ventricle to the low pressure left atrium, or right ventricle, or from aorta to a low pressure pulmonary artery, both flow and murmur continue up to and beyond aortic or pulmonary closure (Fig. 2) for, at this time, there is still a difference in pressure between the donating and receiving chambers or vessels. These principles may be applied to the murmurs encountered in patients with patent ductus arteriosus and ventricular septal defect.
Patent ductus arteriosus is associated with three types of murmur, depending on the hxemodynamics, and only two are due to flow through the duct. The continuous murmur found in adults is due to a continuous shunt of blood from the high pressure aorta to a low pressure pulmonary artery. In infants the murmur of patent ductus arteriosus is described as systolic alone, even when the shunt is left-to-right. This is presumably due to the relatively high pulmonary resistance of the infant and in the few whom we have investigated the difference in pressure between aorta and pulmonary artery has been confined to systole, thus accounting for the systolic flow and murmur. The murmur is pansystolic and thus easily distinguished from aortic or pulmonary ejection murmurs. In patent ductus with high pulmonary vascular resistance the small flow through the large duct is silent, though pulmonary ejection and regurgitant murmurs are common when the pulmonary artery is greatly dilated. Similarly in ventricular septal defect the murmur is almost invariably pansystolic when the pressure in the right ventricle is low, and absent when the pressures in the two ventricles are about the same. In the latter group with high pulmonary resistance and a ventricular septal defect, as with a ductus, the dilated pulmonary artery may produce an ejection and a regurgitant murmur.
causation of murmurs and the ductus murmur in particular, basing his remarks on work already published in physiological journals (Born et al., 1954; Amoroso et al., 1958) . He emphasized that murmurs were due to turbulent flow, and that such murmurs were always found over the ductus arteriosus in newborn lambs, calves and foals. In contradistinction to Dr. Leatham, he pointed out that the left-to-right flow through the patent ductus after birth was very large, amounting to as much as half the cardiac output, in both animals and babies James and Rowe, 1957; Rowe and James, 1957) and that there is a large fall in pulmonary arterial pressure after birth.
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Dr. E. D. Burard (London):
A Murmur that May Arise from the Ductus Arteriosus in the Human Baby A murmur which possessed certain characteristic properties was heard in 37% of 100 apparently healthy full-term babies and in 57% of 96 premature babies. It had a rough, highpitched quality and occurred in the latter part of systole. It sometimes continued into early diastole, through the second sound, which was always loud when the murmur was present. The murmur was seldom loud, and usually was best heard at the 3rd or 4th left costal cartilage; sometimes it radiated more widely. There was always an interval of time from birth to the first detection of the murmur, in most instances between fifteen minutes and two hours.
Phonocardiograms confirmed that the murmur occurred late in systole and sometimes continued through the second sound, and that its pitch was fairly high. The murmur became louder during inspiration and disappeared with expiratory straining, a form of fluctuation which might account for some of the difficulty in its detection. By analogy with the findings in other newborn mammals, and because of the relatively high pitch, the downward radiation when loud, and the continuation beyond the second sound, the murmur has been attributed to flow through the ductus arteriosus from aorta to pulmonary artery. The murmur was not heard after the age of 10 hours in mature, apparently healthy babies. In premature babies it lasted longer, and was present in 10% at the age of 48 hours.
The murmur was related to clinical events. The apparently healthy mature babies in whom it was heard had in fact suffered birth asphyxia in most instances: it was found only very rarely after normal birth in full-term babies. In premature babies the murmur occurred whether there had been asphyxia at birth or not: in them there was a clear connexion with dyspnaea, and the murmur was not heard unless respiratory distress was present. In some prematures the murmur disappeared and then returned if their condition deteriorated. Mature babies who became ill with respiratory embarrassment after birth asphyxia were similar to premature babies in the more ready detection and longer duration of the murmur. There seemed therefore to be some connexion between birth asphyxia or prematurity on the one hand, and the murmur and difficult breathing on the other.
The murmur was related to rectal temperature. The temperatures of babies in whom the murmur was present after birth asphyxia were significantly higher than when the murmur was absent. Conversely, when babies who had not been asphyxiated were kept warm the murmur developed in a significantly higher proportion (30%) than in babies who were not kept warm (7%).
There is good evidence that the ductus arteriosus remains open for twenty-four hours or more after birth in the human baby, as in the lamb. The fact that the murmur has only rarely been heard after normal birth suggests that in the situations where it was detected, which have been described above, there was a departure from the normal conditions governing flow across the ductus.
Its occurrence at higher temperatures suggests that when the murmur is present flow across the ductus is greater than normal. The principal value of the murmur at present, however, lies in the association that can be recognized with abnormal stress, namely asphyxia at birth or respiratory embarrassment.
Dr. R. E. Bonham-Carter (London):
Prognosis
Estimates of the incidence of congenital malformations of the heart are rising with better observation and methods of investigation. Keith et al. (1958) says 5 per 1,000 live births; Carlgren (1958) says 6 per 1,000 live births. It may well be even higher.
The recorded incidence of murmurs heard in neonates depends upon the diligence and acuity of the observer more than anything else. But the definition of the neonatal period also contributes. The excellent paper on this subject by Richards et al. (1955) puts it as high as 17 per 1,000 live births.
The recorded incidence at University College Hospital has varied widely with the keenness of hearing and otherwise of the observers, but averages around 10-12 per 1,000 live births. We became interested in these noises ten years ago and have been following them since. All have been heard by two people, the majority by three or more.
For the purposes of this discussion I propose to deal with those heard in the first 14 days, though we have 11 more heard in the second fortnight of life.
The teaching has been that most of these murmurs are not significant. Our experience is that this is not-so (Table I) . The next group (Table II) are particularly interesting and would not have come to light but for the follow up. They are recurring murmurs. The importance of this study is only that murmurs heard in the first few weeks of life are in the majority significant. Those that vanish apparently for ever do so usually within the first week of life. Some murmurs recur and are significant. So all murmurs heard at this time should be followed.
My thanks are due to all the pediatric registrars and housemen we have had at U.C.H. during this period and particularly to Dr. Jean Smellie and Dr. Philip Benson who have organized the follow up.
